The neuronal activity of vestibulospinal neurons projecting to the lumbar enlargement was recorded in conscious rats standing with four limbs on a pitching platform. The neurons were classified into 3 groups: up-neurons firing maximally in the head-up phase (2/8), down-neurons with maximal firing in the head-down phase (2/8), and nonmodulated neurons (4/8). The 3 groups may play differential roles in stance control.
The lateral vestibular nucleus has been thought to play a crucial role in postural control, since it receives converging inputs from the vestibular labyrinth as well as from the neck and limb afferents [1] [2] [3] [4] . It sends output to limb extensor motoneurons via lateral vestibulospinal tract (LVST) neurons [5, 6] . As a result of various studies with head-fixed, decerebrate animals on LVST responses to these afferent inputs, it has been supposed that LVST is a basic building block of the vestibulolimb and the tonic labyrinthine reflexes [6] . Nevertheless, little is known about LVST activity while the animals actually make efforts to maintain their standing postures. In this study, we tried to record unit activity from the LVST neurons when conscious rats maintained stance on a pitching platform.
All experiments were performed according to the Physiological Society of Japan Guiding Principles for the Care and Use of Animals in the Field of Physiological Sciences, and were approved by Yamagata University Institutional Animal Care and Use Committee. Eight adult male Wistar rats (250-400 g) were deeply anesthetized with pentobarbital sodium (initial dose, 50 mg/kg i.p. and supplemented with 10-20 mg/kg i.p., if necessary) and placed in a stereotaxic frame to search for LVST neurons. After a small craniotomy, extracellular recordings were made in the left vestibular complex using a micropipette electrode (filled with 2 M potassium citrate); a reference lead was attached to anchor screws attached to the surrounding skull. LVST neurons were identified by their antidromic responses to stimulation of the ventrolateral funiculus at the lower thoracic spinal cord (T10-12) with epidural silver electrodes. The antidromic nature of evoked spikes was confirmed if the spikes were induced with a fixed latency and could follow high-frequency stimulation (up to 500/s). After the LVST neurons were identified, the micropipette electrode was fixed with dental cement in position to the skull; the exposed brain surface around the electrode had been covered with gelatin sponge to avoid direct contact of the cement with the brain. The micropipette electrode was then cut short at the shoulder of the taper and embedded with dental cement along with both source and reference leads, which were wired to an IC connector on the back. The electrodes for antidromic stimulation were then removed, and all the surgical wounds were sutured. During the implantation, LVST activity was continuously monitored to ensure that the same unit activity was recorded. After recovery from anesthesia, the rats were placed on a vertically rotating platform (90 mm wide, 200 mm long, and 30 mm high from the rotating axis), and recordings from the LVST neurons were started (see the experimental setup of Fig. 1D ). On the platform, which could rotate with a maximal tilt angle of 12 degrees and a frequency of 0.08-0.67 Hz, the animals received combined stimulation of the vertical rotation and linear acceleration; based on our finding that the rats usually kept their heads at a constant height of about 30 mm from the floor of the platform, it was estimated that vertical head rotation was 1-8 degree/s, and horizontal and vertical linear accelerations were 0.2-12 mm/s 2 and 0.2-15 mm/s 2 , respectively. Unit activities and movements of the platform were digitized (sampling rate of 10 kHz) and stored in a personal computer. After the recordings were complete, the rats were deeply anesthetized with pentobarbital sodium and perfused with 4% formaldehyde solution. The brain stems were prepared for histological ex-amination (frozen sections of 100 µm, stained with neutral red).
We recorded 8 LVST neurons from 8 rats. The mean latency of antidromic spikes from the lower thoracic spinal cord was 1.78 ± 0.29 ms, which corresponded to the conduction velocity of 39.3 ± 5.5 m/s. Four out of the 8 neurons showed rhythmic modulation in firing rate in response to the pitching rotation of the platform. A neuron shown in Fig. 1A discharged spikes with a mean firing rate of 18.7 spikes/s when a rat crouched on the still, level platform. When the platform began pitching, the animal slightly raised its body with four limbs, and increased head movements presumably for searching. Then the rat took a quiet stance on the pitching platform. At that time, the firing rate of the neuron was modified according to the pitching movement; it increased and decreased when the head went to the down position and to the up position, respectively. During pitching at 0.26 Hz (Fig. 1A, left) the firing rate increased up to 48.9 spikes/s and decreased to 11.3 spikes/s. When the pitching frequency was raised to 0.36 Hz (Fig. 1A, right) , the firing rate increased up to 37.3 spikes/s and decreased to almost 0 spikes/s. Faster spiking in the head-down position was observed in 2 neurons, which were called down-neurons (filled symbols, A01 and R09 in Fig. 2) . To clarify the phase relation of firing rate to pitching movement, it was represented in the normalized cycle that began when the platform crossed the level during the downward movement, ending at the next crossing. (Thus in the normalized cycle, the most head-down and head-up positions occurred at 90 degrees and -90 degrees, respectively.) The phase relation between the firing rate and pitching movement was rather stable for changes in pitching frequencies. Both neurons showed the maximal firing rate slightly before the platform caused the maximal head-down position; the phases of the maximal firing rate were in the range of 20-88 degrees in the normalized cycle of pitching (Fig. 2) . Figure 1B shows another type of response. This neuron increased the firing rate to the maximum when the platform caused the animal to change its head to the up position, and it decreased to the minimum during pitching to the reverse direction. The maximal and minimal firing rates were 42.1 spikes/s, and 4.1 spikes/s, respectively, in pitching with 0.26 Hz; they were increased to 50 spikes/s and 11.6 spikes/s in faster pitching of 0.36 Hz. The phase positions of maximum and minimum in the normalized pitching cycle were seemingly unchanged in the two pitching frequencies. When the animal stood quietly on the still, level platform, the firing rate was about 18.1 Hz. Two neurons were called up-neurons (open symbols, A02 and R08, in Fig. 2 ), since they exhibited faster firing in the head-up position. The maximal firing rate of the A02 neuron was observed before the maximal head-up position (the phases of -131 to -154 degrees). In contrast, the maximal firing phase delayed to the maximal head-up phase in the R08 neuron (the phase of -37 to -64 degrees). Figure 2A showed that the modulation amplitude, defined as the difference between the maximal and minimal firing rates (Fig. 2B) , had nearly a similar range among the 4 neurons mentioned above and was quite likely to decrease as the pitching frequency increased. All neurons that showed rhythmic responses to pitching were recorded from the caudal half of the lateral vestibular nucleus, as shown in Fig. 1C . There were 4 neurons that exhibited no rhythmic modulation, though they discharged spikes continuously (nonmodulated neurons). Among them, one neuron, R01, was within the lateral vestibular nucleus, but the others (R06, R10, and VS02) were in the descending vestibular nucleus.
The present study has demonstrated that LVST neurons projecting to the lumbar spinal cord contain at least two types of neurons having opposite directional preferences, up-neurons and down-neurons. The opposite response patterns of lumbar-projecting LVST neurons were also observed following the lumbar rotation in the decerebrate rats [7] . The heterogeneity of the LVST neurons has been reported for input convergence of vestibular afferents [3] , and resultantly for responses to vertical head rotations [8] . With respect to the output, there are various kinds of axonal trajectories [9] and mediolateral terminal areas [10] , targeting segments [11] , and axon collaterals to the cervicothoracic segments [12, 13] . These heterogeneities of input and output characteristics could be related to the variety of firing patterns observed in the present study.
